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Abstract
We study the implication of the recent ∆Ms measurement on b → sq¯q transitions.
We show that it is possible, in the presence of a flavour symmetry, that the phase in
Bs mixing may be unobservable even with new CP odd phases in b→ s transitions.
These phases may then produce new CP odd effects in certain b → sq¯q transitions
like B → Kπ but not in others like Bd → φKs. Working in a two higgs doublet
model of new physics we discuss the allowed NP contribution to B → Kπ and
Bd → φKs decays with the new ∆Ms measurement.
1datta@physics.utoronto.ca
1 Introduction
The B0s − B¯0s mass difference, recently measured by the DØ [1] and CDF [2] collab-
orations , is given by,
17 ps−1 < ∆Ms < 21 ps
−1 (90%CL, DØ) ,
∆Ms = (17.33
+0.42
−0.21 ± 0.07) ps−1 (CDF)· (1)
This result is consistent with the SM predictions, which are estimated as 21.3 ±
2.6 ps−1 by the UTfit group [3] and 20.9+4.5−4.2 ps
−1 21.7+5.9−4.2 ps
−1 by the CKMfitter
group [4]. The implication of this measurement have been studied in several recent
papers [5, 6, 7]. Given the hadronic uncertainties in the SM prediction, along with
additional uncertainties when NP is included, the present measurement of ∆Ms does
not provide a strong constraint on NP[6, 7].
A measurement of a large phase in Bs mixing will be a definite signal of NP as the
SM prediction for this phase is 1.045+0.061−0.057 degrees [8] and is tiny. NP phases should
then also appear in ∆B = 1, b → sq¯q(q = u, d, s) hadronic transitions. However a
measurement of no significant NP phase in Bs mixing will not necessarily rule out
new NP weak phases in b → sq¯q transitions. In fact Ref. [9] finds that combining
the measurements of the mass difference ∆Ms and that of the semileptonic CP
asymmetry one can constrain the Bs mixing to be small. In this paper we show
that one can construct a flavour symmetry that causes new CP odd phase, from the
b → s vertex, in Bs mixing to be unobservable but allows new CP odd effects in
∆B = 1, b→ sq¯q transitions.
There is now a lot of data on rare FCNC hadronic decays from various exper-
iments. The data, specially involving b → sq¯q transitions, have been somewhat
difficult to understand within the standard model(SM). First, within the SM, the
measurement of the CP phase sin 2β in B0d(t) → J/ψKS should be approximately
equal to that in decays dominated by the quark-level penguin transition b → sqq¯
(q = u, d, s) like B0d(t) → φKs, B0d(t) → η′Ks, B0d(t) → π0K0, etc. However, there
is a difference between the measurements of sin 2β in the b→ s penguin dominated
modes (sin 2β = 0.50 ± 0.06) and that in B0d(t) → J/ψKS(sin 2β = 0.685 ± 0.032)
[10, 11, 12]. Note that the sin 2β number for the b → s penguin dominated modes
is the average of several modes. The effect of new physics can be different for differ-
ent final hadronic states and so the individual sin 2β measurements for the different
modes are important. Second, the latest data on B → πK decays (branching ra-
tios and various CP asymmetries) appear to be inconsistent with the SM [13, 14].
2 Third, within the SM, one expects no triple-product asymmetries in B → φK∗
[16], but BaBar has measured such an effect at 1.7σ level [17]. There are also
polarization anomalies where the decays B¯0d → φK∗ and B− → ρ−K∗ appear to
2A cleaner test of the SM could be provided by looking at the quasi-exclusive decays B → KX
[15] rather than the exclusive B → Kpi decays.
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have large transverse polarization amplitudes in conflict with naive SM expecta-
tions [12, 18, 19, 20, 21]. While these deviations certainly do not unambiguously
signal new physics(NP), they give reason to speculate about NP explanations of the
experimental data. Hence, it is interesting to study the implication of the measure-
ment of ∆Ms for b→ sq¯q transitions. For instance, one could check if the NP fits to
the B → Kπ decays presented in Ref. [14] are consistent with ∆Ms measurements.
The paper is organized in the following manner: In the next section we study
NP phases in Bs mixing and a flavour symmetry under which the new phase in Bs
mixing remains hidden even with NP with non trivial weak phases. We then discuss
how these new weak phases affect hadronic b → sq¯q transitions. In the following
section we present details of a two higgs model already presented in Ref. [22] to
demonstrate explicitly some of the general ideas of sec.2 and to quantitatively study
the implication of ∆Ms measurements for B → Kπ and B0d → φKs decays. Finally
in sec.4 we present our conclusions.
2 Phase of Bs Mixing
The mass difference ∆MSMs is calculated in the standard model from the B
0
s–B
0
s
box diagram, dominated by t-quark exchange:
Ms12 =
G2F
6π2
M2WMBs
(
f 2BsBˆBs
)
ηˆBsytf2(yt)|V ∗tsVtb|2,
∆MSMs = |Ms12|, (2)
where yt = m
2
t/M
2
W , and the function f2 is the Inami-Lim function [23]. ηˆBs is the
QCD correction and f 2BsBˆBs represents the hadronization of the Bs mixing operator
in the SM.
New physics can generate operators of the type
H∆B=2NP ∼
∑ cij
Λ2
(s¯Γib)(s¯Γjb), (3)
that will contribute to ∆Ms. Here Λ is the scale of new physics and cij are the
strength of the operators. If the scale of NP is around a TeV the size cij must
be ∼ |Vts|2 to produce effects that can be of the same size as the experimental
measurements [5, 6, 7]. Experimental information on ∆Ms can constrain the cij but
this process is complicated by the fact that there can be more than one operator in
Eq. 3 and the fact that the different NP operators can hadronize differently than
the SM operator. Assuming for the sake of simplification that only two operators
contribute in Eq. 3, we can write
Ms12 = M
s,SM
12 +M
s,NP
12 ,
Ms,NP12 =
< Bs|H∆B=2NP |B0s >
MBs
,
2
∆Ms = ∆M
SM
s
∣∣∣1 + r1η1eiφ1 + r2η2eiφ2 ∣∣∣ , (4)
where r1 and r2 represent the different hadronization of the NP operators relative
to the SM operators. The quantities η1,2 may be related to cij in Eq. 3 in a specific
model of NP. One may combine to write the NP amplitudes as a single complex
number as
∆Ms = ∆M
SM
s
∣∣∣1 + ηeiφ∣∣∣ ,
ηeiφ = r1η1e
iφ1 + r2η2e
iφ2 , (5)
where the relation between η and the size of the NP operators is complicated by
SM uncertainties, QCD effects of NP operators and more than one NP amplitude.
As indicated in the introduction the measurement of the phase in Bs mixing is a
good place to look for NP. From the general structure of Eq. 5 it is trivially true
that if φ1,2 = 0 then there is no new NP weak phase in Bs mixing. However, even
with φ1,2 6= 0 it is possible that the effective phase φ in Eq. 5 vanishes. This may
be due to accidental cancellation or flavour symmetries where the NP contributions
may conspire to produce a small or no effective phase φ even though φ1 and φ2 may
be large.
In this section we study a flavour symmetry under which the new phase in Bs
mixing remain hidden even with NP with nontrivial weak phases. We then study
the implications for such a scenario for b→ sq¯q transitions.
The condition that the effective phase φ = 0, π in Eq. 5 is
Ms,NP12 = M
s,NP
12
∗ ⇒
< Bs|H∆B=2NP |B0s > = < B0s |(H∆B=2NP )†|Bs > . (6)
Since CP |Bs >∼ |B0s > the condition in Eq. 6 is satisfied with the requirement
(H∆B=2NP )CP = (H
∆B=2
NP )
†, (7)
where (H∆B=2NP )CP is just the CP transformed H
∆B=2
NP . However it is easy to see,
and is well known, that the requirement in Eq. 7 just leads to the trivial possibility
that all weak phases φ1,2 in Eq. 4(Eq. 5) vanish. We will demonstrate this with
two models of NP that we call vector-axial vector model (V/A) and the scalar-
pseudoscalar model(S/P). We write the general NP lagrangian as
H∆B=2NP,A = CLL,AOLL,A + CLROLR,A + CRL,AORL + CRR,AORR,A,
OLL,A = s¯γA(1− γ5)bs¯γA(1− γ5)b,
OLR,A = s¯γA(1− γ5)bs¯γA(1 + γ5)b,
ORL,A = s¯γA(1 + γ5)bs¯γ
A(1− γ5)b,
ORR,A = s¯γA(1 + γ5)bs¯γ
A(1 + γ5)b, (8)
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where A = S, V and γA = 1, γµ for the S/P and V/A NP models. Now one easily
checks that (OX,Y )CP = O
†
X,Y where X, Y = L,R for the operators in Eq. 8 for both
V/A and S/P models of NP. The condition in Eq. 7 then leads to the fact that the
coefficients CX,Y in Eq. 8 are real and we get the trivial scenario that all NP weak
phases in H∆B=2NP vanish.
However we show that the condition in Eq. 6 can also be satisfied with a flavour
symmetry. Let us now define a flavour transformation, T , such that
T |s > = |b >,
T |b > = |s > . (9)
This is nothing but the s− b interchange transformation discussed in Ref [22] which
is the quark equivalent of the µ − τ interchange symmetry used in the study of
neutrino mixing [24, 25]. From Eq. 9 we obtain
T |Bs > = ξ|B0s >,
T |B0s > = ξ|Bs >,
TH∆B=2NP T
† = T
[∑ cij
Λ2
(s¯Γib)(s¯Γjb)
]
T †,
=
∑ cij
Λ2
(b¯Γis)(b¯Γjs), (10)
where |ξ|2 = 1.
Hence to recover the condition in Eq. 6 we demand that invariance of H∆B=2NP
under the s− b flavour symmetry implies
TH∆B=2NP T
† = (H∆B=2NP )
† ⇒∑ cij
Λ2
(b¯Γis)(b¯Γjs) =
∑
i
c∗ij
Λ2
(b¯γ0Γ
†
jγ0s)(b¯γ0Γ
†
iγ0s). (11)
Now writing γ0Γ
†
ijγ0 = ±Γi′j′ the relation in Eq. 11 then translates, in general, to
c∗ij = ±ci′j′· (12)
For the particular case of the V/A model of NP Γij = γµ(1 ± γ5) and we have
γ0Γ
†
ijγ0 = Γij leading to c
∗
ij = cij and so the coefficient of each individual operator
in LNP,V is real. This is easy to understand as in this case invariance under s − b
flavour symmetry is the same as requiring invariance under CP. It is possible to
impose a weaker requirement for s− b symmetry as
< B0s |TH∆B=2NP T †|Bs > = < B0s |(H∆B=2NP )†|Bs > . (13)
This then leads to, using Eq. 8,
< B0s |CLL,VO†LL,V + CLRO†LR,V + CRL,VO†RL + CRR,VO†RR,V |Bs >=
< B0s |C∗LL,VO†LL,V + C∗LRO†LR,V + C∗RL,VO†RL + C∗RR,VO†RR,V |Bs > . (14)
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Now as< B0s |O†LL,V |Bs >=< B0s |O†RR,V |Bs > and< B0s |O†LR,V |Bs >=< B0s |O†RL,V |Bs >
using parity transformation, we see that Eq. 13 is also satisfied with the non trivial
solution
C∗LL,V = CRR,V ,
C∗LR,V = CRL,V . (15)
For the S/P models s − b symmetry of the lagrangian is possible with complex
coefficients in the lagrangian and here the relation in Eq. 12 can be written as,
C∗LL,S = CRR,S ,
C∗LR,S = CRL,S. (16)
Hence H∆B=2NP,A has the form, using Eq. 15 and Eq. 16 in Eq. 8,
H∆B=2NP,A = |a|
[
e−2iφOLL,A + e
2iφORR,A
]
+ |b|
[
e−2iψOLR,A + e
2iψORL,A
]
. (17)
We now ask the question if the phases φ and ψ in Eq. 17 can produce CP odd effects
in b → sq¯q transitions. To answer this question we consider models of NP where
the new interaction arises at tree level from the exchange of a heavy field.
Assuming that H∆B=2NP,A in Eq. 8 arises after integrating a heavy field then we can
write
H∆B=2NP,A ∼ J2sb,
Jsb,A = [αs¯γA(1− γ5)b+ βs¯γA(1 + γ5)b] , (18)
where A = S, V and γA = 1, γµ for the S/P and V/A NP models. The requirements
from Eq. 15 and Eq. 16 then allow us to write
Jsb,A = |α|
[
eiφs¯γA(1 + γ5)b± e−iφs¯γA(1− γ5)b
]
. (19)
The relative sign between the terms in Eq. 19 would correspond to a scalar or a
pseudoscalar exchange in the S/P model of new physics. We will study such a
model in details in the next section.
We can now write Eq. 18 as
H∆B=2NP,A = |α|2
[
e−2iφOLL,A ±OLR,A ± ORL,A + e2iφORR,A
]
. (20)
Even though the phase φ in H∆B=2NP,A is not observable in Bs mixing its effect may
be observed in ∆B = 1, b→ sq¯q transitions. We can write the effective Hamiltonian
that generates the b→ sq¯q transition as
H∆B=1eff ∼ JsbJqq,
Jsb,A = |α|
[
eiφs¯γA(1 + γ5)b± e−iφs¯γA(1− γ5)b
]
,
Jqq,A =
[
cRq¯γ
A(1 + γ5)q ± c∗Lq¯γA(1− γ5)q
]
. (21)
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Here cL,R are in general complex. We will first consider the case cL = cR = c as
this relation is satisfied in the model to be considered in the next section. Writing
c = |c|eiφc we can rewrite Heff as
H∆B=1eff ∼ |α||c|
[
eiφ+HRR,A + e
−iφ+HLL,A ± eiφ−HRL ± e−iφ−HLR
]
,
HLL,A = s¯γA(1− γ5)bq¯γA(1− γ5)q,
HRL,A = s¯γA(1 + γ5)bq¯γ
A(1− γ5)q,
HLR,A = s¯γA(1− γ5)bq¯γA(1 + γ5)q,
HRR,A = s¯γA(1 + γ5)bq¯γ
A(1 + γ5)q, (22)
where φ± = φ± φc.
To demonstrate our point we can use factorization to calculate nonleptonic de-
cays. Let us consider the decay B− → K−π0 and using the currents associated with
the relative negative sign in Jsb,qq, we can write
< K−π0|Heff |B− > ∼ |α||c| < K−|eiφs¯γA(1 + γ5)b− e−iφs¯γA(1− γ5)b|B− >
< π0|eiφc d¯γA(1 + γ5)d− e−iφc d¯γA(1− γ5)d|0 >,
∼ 4|α||c|eiπ/2 sin φ cosφc < K−|s¯γAb|B− >
< π0|d¯γAγ5d|0 > . (23)
We observe that an effective weak phase of π/2 appears in the B → Kπ amplitude
but this phase is unobservable if φ = 0. The effective weak phase may change due
to non factorizable effects but the essential point here is that the weak phase φ can
produce CP odd effects in nonleptonic B decays while its effect is hidden in Bs
mixing. For the case of relative positive sign in Jsb,qq the amplitude ∼ sin φc cosφ.
Note that if a weak phase is only associated with flavour changing s− b vertex then
φc = 0 and there are no CP odd effects.
We can now look at the decay B0d → φKs. For this decay we have to fierz the
operators in Eq. 22 for the S/P model and we can define the Fierzed operators,
HFLL,S = −
1
2Nc
q¯(1− γ5)bs¯(1− γ5)q − 1
8Nc
q¯σµν(1− γ5)bs¯σµν(1− γ5)q,
HFLR,S = −
1
2Nc
q¯γµ(1− γ5)bs¯γµ(1 + γ5)q,
HFRL,S = −
1
2Nc
q¯γµ(1 + γ5)bs¯γ
µ(1− γ5)q,
HFRR,S = −
1
2Nc
q¯(1 + γ5)bs¯(1 + γ5)q − 1
8Nc
q¯σµν(1 + γ5)bs¯σ
µν(1 + γ5)q, (24)
where q = s and we have done also a color Fierz and dropped octet operators that
do not contribute in factorization.
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We can therefore write,
A(B0d → φKs) = ASM + ANP±LR±RL + ANPLL+RR,
ASM = −GF√
2
VtbV
∗
tsZ
[
at3 + a
t
4 + a
t
5 −
1
2
at7 −
1
2
at9 −
1
2
at10
−ac3 − ac4 − ac5 +
1
2
ac7 +
1
2
ac9 +
1
2
ac10
]
,
ANP±LR±RL ∼ ± < Ks|s¯γµb|B >< φ|s¯γµs|0 >
[
eiφ− + eiφ−
]
,
∼ ± < Ks|s¯γµb|B >< φ|s¯γµs|0 > cosφ−,
ANPLL+RR ∼ < Ks|s¯σµνb|B >< φ|s¯σµνs|0 >
[
eiφ+ + eiφ+
]
,
∼ < Ks|s¯σµνb|B >< φ|s¯σµνs|0 > cosφ+,
Z = 2fφmφFBK(m
2
φ)ε
∗ · pB, (25)
where the SM contribution can be found in Ref. [26]. We therefore see that there
are no new CP phases in A(Bd → φKs). For the V/A models also it is easy to check
that there are no NP phase in B0d → φKs. This follows simply from the fact that
only vector currents contribute to this decay and hence the matrix element of all the
operators in H∆B=1eff are equal. Explicitly, consider the decay B
0
d → φKs and using
the currents associated with the relative negative sign in Jsb,qq, we can write
< φKs|Heff |B0d > ∼ |α||c| < Ks|eiφs¯γµb− e−iφs¯γµb|B0d >
< φ|eiφc s¯γµs− e−iφc s¯γµs|0 >,
∼ 4|α||c|eiπ/2 sinφeiπ/2 sinφc < K−|s¯γAb|B− >
< π0|d¯γAγ5d|0 >,
∼ 4|α||c|(−1) sinφ sinφc < K−|s¯γAb|B− >
< π0|d¯γAγ5d|0 > . (26)
This demonstrates that there are no new CP phases in A(B0d → φKs).
We now consider the case where cL 6= cR in Eq. 21. For the case when cL,R are
real there is a new weak phase of π/2 in B− → K−π0 for both the V/A and the S/P
models. For the decay B0d → φKs a new weak phase of π/2 arises in V/A models
while for the S/P models the phase in this decay depends on the size of cL,R. Moving
on to the most general case with complex cL,R the new weak phase in B
− → K−π0
and B0d → φKs will depend on the phase in the b→ s vertex as well as on the phases
in cL,R.
In the next section we will study a two higgs doublet model as an example of a
NP model with s− b interchange flavour symmetry.
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3 A Specific NP Model
In Ref [22] we presented a two Higgs doublet model which has a 2-3 interchange
flavour symmetry in the down quark sector like the µ− τ interchange symmetry in
the leptonic sector. The 2-3 symmetry is assumed in the gauge basis where the mass
matrix has off diagonal terms and is fully 2-3 symmetric. Diagonalizing the mass
matrix splits the masses of s and b or µ and τ and leads to vanishing ms(mµ). The
breaking of the 2-3 symmetry is then introduced though the strange quark mass
in the quark sector and the muon mass in the leptonic sector. The breaking of
the 2-3 symmetry leads to flavor changing neutral currents (FCNC) in the quark
sector and the charged lepton sector that are suppressed by ms
mb
and mµ
mτ
in addition
to the mass of the Higgs boson of the second Higgs doublet. Additional FCNC
effects of similar size can be generated from the breaking of the s− b symmetry in
the Yukawa coupling of the second Higgs doublet. A full discussion of the model is
given in Ref [22] and we will repeat some of the discussions here for completeness.
We consider a Lagrangian of the form,
LQY = Y Uij Q¯i,Lφ˜1Uj,R + Y Dij Q¯i,Lφ1Dj,R + SUij Q¯i,Lφ˜2Uj,R + SDij Q¯i,Lφ2Dj,R + h.c., (27)
where φi, for i = 1, 2, are the two scalar doublets of a 2HDM, while Y
U,D
ij and S
U,D
ij
are the non-diagonal matrices of the Yukawa couplings. After diagonalizing the Y
matrix one can have FCNC couplings associated with the S matrix.
For convenience we express φ1 and φ2 in a suitable basis such that only the Y
U,D
ij
couplings generate the fermion masses. In such a basis one can write,
〈φ1〉 =
(
0
v/
√
2
)
, 〈φ2〉 = 0 . (28)
The two Higgs doublets in this case are of the form,
φ1 =
1√
2
(
0
v +H0
)
+
1√
2
(√
2χ+
iχ0
)
,
φ2 =
1√
2
( √
2H+
H1 + iH2
)
. (29)
In principle there can be mixing among the neutral Higgs but here we neglect
such mixing. We assume the doublet φ1 corresponds to the scalar doublet of the SM
and H0 to the SM Higgs field. In addition, we assume that the second Higgs doublet
does not couple to the up-type quarks(SU ≡ 0). For the down type couplings in
Eq. 27 we have,
LDY = Y Dij Q¯i,Lφ1Dj,R + SDij Q¯i,Lφ2Dj,R + h.c. (30)
We assume the following symmetries for the matrices Y D and SD:
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• There is a discrete symmetry under which dL,R → −dL,R
• There is a s− b interchange symmetry: s↔ b
The discrete symmetry involving the down quark is enforced to prevent s → d
transition because of constraints from the kaon system. It also prevents b → d
transitions since Bd mixing as well as the value of sin 2β measured in B
0
d(t)→ J/ψKS
are consistent with SM predictions. Although there may still be room for NP in
b → d transitions, almost all deviations from the SM have been reported only in
b→ s transitions and so we assume no NP in b→ d transitions in this work.
The above symmetries then give the following structure for the Yukawa matrices,
Y D =

 y11 0 00 y22 y23
0 y23 y22

 ,
SD =

 s11 0 00 s22 s23
0 s23 s22

 . (31)
The down quark mass matrix, MD is now given by MD = v√
2
Y D. The matrix
Y D is symmetric and choosing the elements in Y D to be real the mass matrix is
diagonalized by,
MDdiag = U
TMDU =


v√
2
y11 0 0
0 v√
2
(y22 − y23) 0
0 0 v√
2
(y22 + y23)

 ,
U =


1 0 0
0 − 1√
2
1√
2
0 1√
2
1√
2

 . (32)
It is clear that the matrix U will also diagonalize the SD matrix when we transform
the quarks from the gauge to the mass eigenstate via dL,R → UdL,R. Hence there
are no FCNC effects involving the Higgs φ2.
The down quark masses are given by,
md = ± v√
2
y11,
ms = ± v√
2
(y22 − y23),
mb = ± v√
2
(y22 + y23). (33)
Since ms << mb there has to be a fine tuned cancellation between y22 and y23 to
produce the strange quark mass. Hence, it is more natural to consider the symmetry
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limit y22 = y23 which leads to ms = 0. We then introduce the strange quark mass
as a small breaking of the s− b symmetry and consider the structure,
Y Dn =

 y11 0 00 y22(1 + 2z) y22
0 y22 y22

 , (34)
with z ∼ 2ms/mb being a small number. Note that we do not break the s − b
symmetry in the 2 − 3 element so that the Y Dn matrix remains symmetric. This
down quark matrix is now diagonalized by,
MDdiag = W
TMDW =


± v√
2
y11 0 0
0 ± v√
2
zy22 0
0 0 ± v√
2
(2 + z)y22

 ,
W =


1 0 0
0 − 1√
2
(1− 1
2
z) 1√
2
(1 + 1
2
z)
0 1√
2
(1 + 1
2
z) 1√
2
(1− 1
2
z)

 . (35)
In Eq. 35 we have dropped terms of O(z2). The down quark masses are now taken
to be,
md = ± v√
2
y11,
ms = ± v√
2
zy22,
mb = ± v√
2
(2 + z)y22. (36)
We find z ≈ ±2ms/mb and now the transformation to the mass eigenstate will
generate FCNC effects involving φ2 which is proportional to z ∼ 2ms/mb ∼ λ2
where λ is the cosine of the Cabibbo angle. For definiteness we will choose the
positive sign for z though both signs are allowed. At this point we can consider
two scenarios: the first corresponds to the situation where the matrix SD is still
s − b symmetric. This will result in H∆B=2NP,S with s − b symmetry and hence no
observable phase in Bs mixing. In the second case we will allow for small breaking
of the s− b symmetry in SD in Eq. 31. This will then result in H∆B=2NP,S with broken
s− b symmetry and hence an observable phase in Bs mixing.
For the first case, SD in the mass eigenstate basis has the form,
SD → SD′ =

 sde
iφdd 0 0
0 sse
iφss zseiφsb
0 zseiφsb sbe
iφbb

 , (37)
where
sde
iφdd = s11,
10
sse
iφss = (s22 − s23),
sbe
iφbb = (s22 + s23),
seiφsb = s23. (38)
It is clear that SD
′
above, is symmetric under s− b interchange.
The Hamiltonian describing the interaction of the Higgs, H1,2, is given by,
HS =
1√
2
[
Ssbs¯(1 + γ5)b+ Sbsb¯(1 + γ5)s
]
H1 + h.c,
HP = i
1√
2
[
Ssbs¯(1 + γ5)b+ Sbsb¯(1 + γ5)s
]
H2 + h.c, (39)
The relevant currents, Jij are,
J
S(P )
sb =
1√
2
[Ssbs¯(1 + γ5)b± S∗bss¯(1− γ5)b] ,
JS(P )qq =
1√
2
[
Sqq q¯(1 + γ5)q ± S∗qq q¯(1− γ5)q
]
, (40)
where the ± sign correspond to scalar or pseudoscalar interactions. Using Eq. (37)
we have,
Ssb(bs) = se
iφsbz, (41)
Sqq = sqe
iφqq , (42)
where q = d, s. After integrating out the heavy Higgs bosons, H1,2, which we
shall henceforth rename S and P bosons, we can generate the following effective
Hamiltonian for ∆B = 2 and ∆B = 1 processes,
H∆B=2NP =
1
2m2S(P )
z2s2
[
±ei2φsbORR ± e−i2φsbOLL +ORL +OLR
]
, (43)
where Oab are defined in Eq. 8 with γA = 1 and
H∆B=1eff = 4
GF√
2
z
ssq
g2
m2W
m2S(P )
[
±eiφ+HRR ± e−iφ+HLL
+eiφ−HRL + e
−iφ−HLR
]
, (44)
where φ± = φsb± φqq, Hab are defined in Eq. 22 with γA = 1 and the ± sign is for S
and P exchange interactions. Note that H∆B=2NP has the same structure as in Eq. 20
and is symmetric under s− b interchange.
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The expression for Ms,NP12 , obtained using the vacuum insertion approximation,
is given as
Ms,NP12 =
1
2m2S(P )
z2s2
[
(4∓ cos 2φsb10
3
)A+
2
3
]
f 2BsMBs ,
A =
M2Bs
(mb +ms)2
. (45)
Here we assume that either the S or P interactions dominate and further we allow
for a relative phase factor of ±1 between Ms,NP12 and Ms,SM12 . Following Ref. [7] we
will take the SM prediction for ∆MSMs to be ∆M
SM
s = 23.4ps
−1 which then leads to
|1+η| = 0.74(see Eq. 5) allowing for values of |ηmin| = 0.26 and |ηmax| = 1.74. These
values can be converted to values for smin ≈ 0.1 and smax ≈ 0.25 from Eq. 45 where
we have chosen φsb = π/2 for the pseudoscalar exchange interactions. This choice of
φsb leads to the largest value for s. For our calculations we choose ms = 100 MeV,
mb = 4.8 GeV, fBs = 250MeV and mH = 1TeV. The choice for the higgs mass,
mH , is based on the fact that one expects new physics around ∼TeV to stabilize the
standard model higgs mass. We assume that the same new physics needed for the
higgs mass stabilization is also responsible for new FCNC effects in B decays.
Let us now calculate the NP contribution to B− → K−π0. In B → πK decays,
there are four classes of NP operators, differing in their color structure: s¯αΓibα q¯βΓjqβ
and s¯αΓibβ q¯βΓjqα (q = u, d). The matrix elements of these operators are then
combined into single NP amplitudes, denoted by A′,qeiΦ′q and A′C,qeiΦ′Cq respectively
with q = u, d [14, 27]. We have
< K−π0|H∆B=1eff |B− > = |A′,comb|eiΦ
′
= 4
GF√
2
χsAdd [±2i sinφ+ − 2i sinφ−] ,
= 16
GF√
2
χsAdde
iπ/2
{
cosφsb sinφdd H = S ,
− sin φsb cosφdd H = P ,
χs =
2ms
mb
ssd
g2
m2W
m2S(P )
,
Add = < K
−|s¯b|B− >< π0|d¯γ5d|0 > . (46)
Here A′,comb|eiΦ′ ≡ −A′,ueiΦ′u +A′,deiΦ′d. In the case of scalar exchange the CP odd
effect in the amplitude is due to the phase φdd while in the case of the pseudoscalar
exchange the CP odd effect comes from the phase φsb which also appears in Bs
mixing. Hence we will consider the pseudoscalar exchange only for our quantitative
analysis.
We first note that we can choose, in Eq. 46, the phase Φ′ = 900 which is then
consistent with a fit to the B → Kπ data found in Ref. [14] which found Φ′ ∼ 1000
and |A′,comb/T ′| = 1.64 where T ′ is the SM tree amplitude. Here we will attempt to
see if this value for the ratio |A′,comb/T ′| is consistent with the ∆Ms measurements.
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For the pseudoscalar exchange model we can write for the ratio |A′,comb/T ′| , using
naive factorization[21],
|A′,comb/T ′|
=
∣∣∣∣∣ 16 sinφsb cosφddχsAdd(c1 + c2/NC)V ∗ubVus 〈π0| b¯γµ(1− γ5)u |B−〉 〈K−| u¯γµ(1− γ5)s |0〉
∣∣∣∣∣ ,
(47)
where c1,2 are the Wilson’s coefficients of the SM effective Hamiltonian. We can
rewrite the above expression as,
|A′,comb/T ′|
= |16 sinφsb cos φddχs|M,
M =
∣∣∣∣∣∣
[(m2
B
−m2
K
)/(mb −ms)]FK0 (m2π/2md)fπ/
√
2
fK(m2B −m2π)F π0 /
√
2
(
c1 +
c2
Nc
)
|V ∗ubVus|
∣∣∣∣∣∣ (48)
We take (fK/fπ)(F
π
0 /F
K
0 ) ∼ 1, |V ∗ubVus/V ∗tbVts| = 1/48 and c1 + c2/Nc = 1.018. Now
using the values of s obtained from Bs mixing we obtain the maximum possible
values |A′,comb/T ′| ≈ (0.47, 1.2)sd(6MeV/md). Assuming sd ∼ 1 in Eq. 46, we
find the lesser value for |A′,comb/T ′| a bit smaller than the fit value in Ref. [14] of
1.64. One could increase |A′,comb/T ′| by choosing sd large enough, sd ∼ 3, which
would indicate a strongly coupled theory. The second, larger value for |A′,comb/T ′|
is in better agreement with the fit in Ref. [14]. One could also increase |A′,comb/T ′|
by lowering md which can be taken to be in the range 4-8 MeV [28]. Hence the
predictions for the size of NP in B → Kπ decays does not rule out the scenario that
there is no new phase in Bs mixing. However a measurement of a new weak phase
in Bd → φKs would indicate new phase in Bs mixing in this model.
To introduce a phase in Bs mixing we have to break the s−b interchange flavour
symmetry. This can be done by allowing SD in Eq. 31 to break the s−b interchange
symmetry. We choose,
SD =

 s11 0 00 s22 s23(1 + 2ǫ)
0 s23 s22(1 + 2δ)

 , (49)
with ǫ, δ being small quantities of the same size or smaller than z. The transforma-
tion to the mass eigenstate leads to the general parametrization,
SD → SD′ =

 sde
iφdd 0 0
0 sse
iφss zseiφsb − ǫpeiψsb
0 zseiφsb + ǫpeiψsb sbe
iφbb

 , (50)
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where
sde
iφdd = s11,
sse
iφss = (s22 − s23 + s22δ) + s22δz − s23ǫ,
sbe
iφbb = (s22 + s23 + s22δ)− s22δz + s23ǫ,
seiφsb = s22
δ
z
+ s23,
peiψsb = s23. (51)
There is now an additional FCNC involving b→ s transitions whose source is the s−b
symmetry breaking in SD. Note that the 2–3 off–diagonal elements in SD
′
contain
a part that is symmetric under s− b interchange and a part that is antisymmetric
under the s− b interchange. The parameters in SD′ can be obtained or constrained
from a fit to B decay data. A phase in Bs mixing arises from the interference of the
the s− b symmetric and the s− b antisymmetric piece.
The structure in Eq. 50 is rather complicated and for the illustration of how a
new phase in Bs mixing may arise we can reduce the parameters in the model to
simplify the discussion. Hence, we will assume δ = 0 which leads to φsb = ψsb, s = p
and calling s23 ≡ s we obtain,
SD → SD′ =

 sde
iφdd 0 0
0 sse
iφss s(z − ǫ)eiφsb
0 s(z + ǫ)eiφsb sbe
iφbb

 , (52)
The relevant currents, Jij are,
J
S(P )
sb =
1√
2
s
[
(z − ǫ)eiφsb s¯(1 + γ5)b± (z + ǫ)e−iφsb s¯(1− γ5)b
]
,
JS(P )qq =
1√
2
[
Sqq q¯(1 + γ5)q ± S∗qq q¯(1− γ5)q
]
, (53)
where the ± sign correspond to scalar or pseudoscalar interactions. The Bs mixing
is now generated by,
H∆B=2NP =
1
2m2S(P )
z2s2
[
±(1− ǫ
z
)2ei2φsbORR ± (1 + ǫ
z
)2e−i2φsbOLL + (1− ǫ
2
z2
)(ORL +OLR)
]
.
(54)
Now we can try two approximations. One with ǫ
z
small and one with ǫ ∼ z. The
possibility ǫ >> z is ruled out by the B → Kπ data as it does not produce a new
weak phase [22]. For ǫ
z
small, we get keeping only terms linear in ǫ
z
,
H∆B=2NP =
14
12m2S(P )
z2s2
[
±ei2φsbORR ± e−i2φsbOLL ± 2ǫ
z
(e−i2φsbOLL − e+i2φsbORR) + (ORL +OLR)
]
.
(55)
We can now write Ms,NP12 as,
Ms,NP12 =
2
m2S(P )
z2s2
[
(1∓ 5
6
cos 2φsb)A +
2
12
± i5
3
ǫ
z
sin 2φsbA
]
f 2BsMBs ,
A =
M2Bs
(mb +ms)2
. (56)
So we see that there is an observable phase in Bs mixing which is proportional to
ǫ
z
and is given by,
sinφBs =
ImMs,NP12
|Ms,NP12 |
,
≈
5
3
ǫ
z
sin 2φsbA
(1∓ 5
6
cos 2φsb)A+
2
12
. (57)
We now study the predictions for b → sq¯q transitions. To simplify the discussion
we will choose Sqq to be real and so any new phase in b → sq¯q is due to the weak
phase in Jsb. It is also clear that only the pseudoscalar exchange contribute to
B− → K−π0. One can check that there will be a new weak phase in B0d → φKs
proportional to ǫ
z
while the weak phase in B− → K−π0 will deviate from π/2 by an
amount proportional to ǫ
z
.
For ǫ = z, The relevant currents, Jij are now given by,
J
S(P )
sb = ±
1√
2
sze−iφsb s¯(1− γ5)b,
JS(P )qq =
1√
2
sq [q¯(1 + γ5)q ± q¯(1− γ5)q] , (58)
where again we have chosen Sqq = sq to be real. It is now clear thatH
∆B=2
NP ∼ J2sb has
an observable phase which can be large and large NP phase can appear in Bd → φKs
and B− → K−π0. It is easy to check that the phase in B− → K−π0 and B0d → φKs
is half the phase in Bs mixing and hence if the Bs mixing is observed to be small
it would indicate a small new weak phase in B− → K−π0 and in B0d → φKs in
contrast to the case considered above. In passing we note that if φsb = π then a NP
phase of π/2 can appear in B− → K−π0 but a phase will also appear in the decay
B0d → φKs in contrast to the s− b symmetric case considered above.
To summarize, if the Bs mixing phase is observed to be small and is due to the
small breaking of the s − b interchange symmetry then one should observe a large
new CP odd phase, close to π/2, in the decay B− → K−π0 and a small new CP odd
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phase in B0d → φKs. On the other hand if the Bs mixing is small due to small NP
phase in the b → s current then we should observe a small NP phase in the decay
B− → K−π0 and in B0d → φKs.
4 Conclusions
In summary, in this paper we have studied the implication of the ∆Ms measurement
on b→ sq¯q transitions. We pointed out that in a fairly general class of NP the new
physics phase of Bs mixing may be unobservable if there is a s − b interchange
flavour symmetry even in the presence of new CP odd phase in the b→ s transition.
This phase can however appear in certain b→ sq¯q transitions like B → Kπ decays
but not in others like the B0d → φKs decay. Working within a two higgs doublet
model we calculated the allowed NP contribution to B → Kπ decays with the new
∆Ms measurement. We also showed that if the NP weak phase is only in the b→ s
current and a small observed Bs mixing phase is due to the small breaking of the
s−b interchange symmetry then one should observe a large new CP odd phase, close
to π/2, in the decay B− → K−π0 but a small CP odd phase in B0d → φKs. On the
other hand a small Bs mixing phase and a small NP phase in the decays B
− → K−π0
and B0d → φKs would indicate the absence of the s− b flavour symmetry.
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